flec'd PCT/PTQ 22 FEB 200 2 



FORMPTO-1390 (Modified) 
(REV 11-2000) 



U.S. DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER 
219734US3PCT 



U.S. APPLICATION NO. (IF KNOWN, SEE 37 CFR 

1D/1U9622 



INTERNATIONAL APPLICATION NO. 
PCT/JP99/04516 



INTERNATIONAL FILING DATE 

23 August 1999 



PRIORITY DATE CLAIMED 

None 



TITLE OF INVENTION 

GAS GENERATOR FOR ACTUATING VEHICLE OCCUPANT RESTRAINT DEVICE 



APPLICANTS) FOR DO/EO/US 

KUBO Dairi et al. 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

1 . £3 This is a FIRST submission of items concerning a filing under 35 U.S.C. 37 1 . 

□ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 



2. 
3. 

4. 



'.6. 



7. H 



Pi. 


□ 


9. 




10. 


□ 


11. 


□ 


12. 




Items 


13. 


H 


14. 


□ 


15. 




16. 


□ 


17. 


□ 


18. 


□ 


19. 


□ 


20. 




21. 


□ 


22. 


□ 


23. 





This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include itens (5), 
(6), (9) and (24) indicated below. 

The US has been elected by the expiration of 19 months from the priority date (Article 31). 
A copy of the International Application as filed (35 U.S.C. 371 (c) (2)) 

a. □ is attached hereto (required only if not communicated by the International Bureau). 

b. B has been communicated by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 
An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)). 

a. IS is attached hereto. 

b. □ has been previously submitted under 35 U.S.C. 154(d)(4). 

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 

a. □ are attached hereto (required only if not communicated by the International Bureau). 

b. □ have been communicated by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. 13 have not been made and will not be made. 

An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 
An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 

An English language translation of the annexes to the International Preliminary Examination Report under PCT 
Article 36 (35 U.S.C. 371 (c)(5)). 

A copy of the International Preliminary Examination Report (PCT/IPEA/409). 
A copy of the International Search Report (PCT/ISA/210). 

3 to 20 below concern document(s) or information included: 

An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 1 is included. 

A FIRST preliminary amendment, 

A SECOND or SUBSEQUENT preliminary amendment. 

A substitute specification. 

A change of power of attorney and/or address letter. 

A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.2 and 35 U.S.C. 1.821 - 1.825. 
A second copy of the published international application under 35 U.S.C. 154(d)(4). 

A second copy of the English language translation of the international application under 35 U.S.C. 154(d)(4). 
Certificate of Mailing by Express Mail 
Other items or information: 

PCT/IB/308/Form PTO-1449/Drawings (3 sheets) 



"~ B ™ Page 1 of 2 PCTUS1/REV03 



JC13 Rec'd PCT/PTO 2 2 FEB 2002 



U.S. APPLICATION 



NO. (IF KNOWN, SEE 37 CFR 



INTERNATIONAL APPLICATION NO. 
PCT/JP99/04516 



ATTORNEY'S DOCKET NUMBER 
219734US3PCT 



24. The following fees are submitted:. 

BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

□ Neither international preliminary examination fee (37 CFR 1 .482) nor 
international search fee (37 CFR 1 .445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1040.00 

EI International preliminary examination fee (37 CFR 1 .482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $890.00 

□ International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 

but international search fee (37 CFR 1 .445(a)(2)) paid to USPTO $740.00 

□ International preliminary examination fee (37 CFR 1.482) paid to USPTO 

but all claims did not satisfy provisions of PCT Article 33(l)-(4) $710.00 

□ International preliminary examination fee (37 CFR 1 .482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



CALCULATIONS PTO USE ONLY 



$890.00 



Surcharge of $130.00 for furnishing the oath or declaration later than 
months from the earliest claimed priority date (37 CFR 1 .492 (e)). 



□ 20 



□ 30 



$0.00 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total claims 



■20 = 



0 



518.00 



$0.00 



Independent claims 



- 3 = 



x $84.00 



$0.00 



Multiple Dependent Claims (check if applicable). 



□ 



$0.00 



TOTAL OF ABOVE CALCULATIONS = 



$890.00 



Jp Applicant claims small entity status. See 37 CFR 1.27). The fees indicated above are 
reduced by 1/2. 



r: 



$0.00 



SUBTOTAL = 



$890.00 



ocessing fee of $130.00 for furnishing the English translation later than 
nths from the earliest claimed priority date (37 CFR 1 .492 (f)). 



□ 20 



□ 30 



$0.00 



TOTAL NATIONAL FEE = 



$890.00 



Ifee for recording the enclosed assignment (37 CFR 1 .21(h)). The assignment must be 
Accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1) (check if applicable). 



$0.00 



lLL 



TOTAL FEES ENCLOSED = 



$890.00 



Amount to be: 
refunded 



charged 



a. 
b. 



d. 



§3 A check in the amount of 
□ 

□ 



$890.00 



_to cover the above fees is enclosed, 
in the amount of 



to cover the above fees. 



Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 
to Deposit Account No. 15-0030 A duplicate copy of this sheet is enclosed. 

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 
information should not be included on this form. Provide credit card information and authorization on PTO-2038. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO: 



Surinder Sachar 
Registration No, 34,423 




22850 




SIGNATURE 

C. Irvin McClelland 



NAME 
21,124 



REGISTRATION NUMBER 



DATE 



Page 2 of 2 



1 0/ 049622 

JC13 Bec'd PCT/PTO 2 2 FEB 2002 



219734US-3PCT 



IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF : 

DAIRI KUBO ET AL. : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. PCT APPLICATION : 
(Based on PCT/JP99/04516) 

FILED: HEREWITH : 

FOR: GAS GENERATOR FOR 
L . ? , ACTUATING VEHICLE OCCUPANT 

g RESTRAINT DEVICE 

if 1 - 

# PRELIMINARY AMENDMENT 

W 

^ ASSISTANT COMMISSIONER FOR PATENTS 
L WASHINGTON, D.C. 20231 

w 

m SIR: 

ft. 

6~1. Prior to a first examination on the merits, please amend the above-identified 

m \ 
IW. 

application as follows: 



IN THE SPECIFICATION 
Please amend the specification as follows: 1 
Page 1, in the section title at line 1, please replace as follows: 

TITLE 

Page 4, please replace the section title at line 4 as follows: 
SUMMARY OF THE INVENTION 
Page 4, please replace the paragraph at lines 5-9 as follows: 



X A marked-up copy of all the presently submitted amendments is attached to the 
present response. 



As a result of eager investigation of the present inventors to solve the above- 
mentioned problem, the present inventors have found that it is important to regulate a ratio of 
an empty space to an inner volume of the first hollow body to achieve the present invention. 
Page 4, please replace the paragraph at lines 10-19 as follows: 
The present invention relates to a gas generator for actuating a vehicle occupant 
restraint device comprising a first hollow body with a bottom and sides, gas generants 
densely filled in the first hollow-body, an electric ignitor formed by housing igniting agents 
in a second hollow body with a bottom and sides then closing the second hollow body with a 
plug, and a holder positioning the second hollow body in the center of the first hollow body 
while fixing the first hollow body and holding the plug of the electric ignitor. 

Page 4, please replace the paragraph beginning at line 20 to page 5, line 5, as follows: 
In a first gas generator of the present invention, a ratio of an empty space to a volume 
of a space partitioned by an inner surface of the first hollow body, an outer surface of the 
second hollow body and the holder (hereinafter it is described as full volume) is less than 20 
% by volume. The empty space and the ratio of the empty space by volume are calculated by 
using 

empty space = full volume - filling volume • • • (1) 

ratio of an empty space by volume 
= (empty space volume / full volume) X 100 • • *(2) 

Page 5, please replace the paragraph at lines 1 1-17 as follows: 

According to the first gas generator of the present invention, because the ratio of the 

empty space to the full volume of the first hollow body is less than 20 %, the first hollow 

body is substantially full of the gas generants. Therefore, ignition energy of the electric 



ignitor is transmitted efficiently and the time for raising for inner pressure of the first hollow 
body is shortened. 

Page 5, please replace the paragraph at line 18 to page 6, line 2, as follows: 
Accordingly, in the case an electrical ignitor with small ignition power is used, there 
is no possibility that an ignition delay occurs. In addition, because the first hollow body is 
substantially full of the gas generants, the gas generants are prevented from being powdered 
by vibration of vehicles. To ensure the above-mentioned action, it is preferable that the ratio 
of empty space is less than 15 % ? further preferably, less than 10%. 
Page 6, please replace the paragraph at lines 5-1 1 as follows: 
A second gas generator of the present invention is characterized in that the gas 
generants are powdery or granulated and filled in a compressed state, in addition to the 
above-mentioned characteristics of the first gas generator. As examples of compressible gas 
generants, there are powdery or granulated non-azide gas generants, propellant gas generants 
and the like. 

Page 7, please replace the paragraph at lines 8-13 as follows: 

A third gas generator of the present invention is characterized in that a part of the full 
volume is filled with a spacer inserted between outer surfaces of the sides of the second 
hollow body and inner surfaces of the sides of the first hollow body, in addition to the above- 
mentioned characteristics of the first or the second gas generator. 

Page 7, please replace the paragraph at lines 14-23 as follows: 

According to the third gas generator of the present invention, an empty space between 
the outer surfaces of the sides of the second hollow body and the inner surfaces of the sides 
of the first hollow body can be filled with the spacer. Therefore, even if a form of the gas 
generator cannot be modified for reason of a design of a vehicle occupant restraint device, it 



is possible to lower the ratio of the empty space. As a result, the first hollow body is 
substantially full of the gas generants, thereby an excellent ignitability is obtained. 

Page 8, please replace the paragraph beginning at line 21 to page 9, line 3, as follows: 
A fourth gas generator of the present invention is characterized in that the gas 
generants are compressed in advance and filled in the first hollow body so that a concavity, in 
which the second hollow body is inserted, is formed, in addition to the above-mentioned 
characteristics of the first or the second gas generator. 

Page 9, please replace the paragraph at lines 4-15 as follows: 
According to the fourth gas generator of the present invention, the gas generants are 
compressed in the first hollow body in advance so that the concavity, in which the second 
hollow body is inserted, is formed. Therefore, when the second hollow body is inserted into 
the first hollow body, the second hollow body is surrounded by the gas generants. The 
ignition energy of the electric ignitor is transmitted to the gas generants surrounding the 
second hollow body without waste. Therefore, there is no possibility that an ignition delay 
occurs. For compressing the gas generants into a concave shape in the first hollow body, 
convex compressing tools may be used. 

Page 9, please replace the paragraph at lines 16-22 as follows: 
A fifth generator of the present invention is characterized in that gas generants 
incompressible or hard to compress are filled densely and a part of the full volume is filled 
with the spacer inserted between the outer surfaces of the sides of the second hollow body 
and the inner surfaces of the sides of the first hollow body, in addition to the above- 
mentioned characteristics of the first gas generator. 

Page 12, please replace the paragraph at lines 7-15 as follows: 



The spacer 7 is, for example, in a cylindrical shape, where a diameter of the inner 
circumference thereof is substantially the same with the one of the outer circumference of the 
second hollow body 4a and a diameter of the outer circumference thereof is substantially the 
same with the axle of the inner circumferences of the first hollow body 2. The spacer 7 is 
inserted between the outer surfaces of the sides of the second hollow body 4a and the inner 
surfaces of the sides of the first hollow body 2. 

IN THE CLAIMS 
Please cancel Claims 1-5 without prejudice. 
Please add new Claims 6-12 as follows: 

6. (New) A gas generator for actuating a vehicle occupant restraint device 
comprising: 

a first hollow body with a bottom and sides; 

gas generants filled densely in the first hollow body; 

an electric ignitor formed by housing igniting agents in a second hollow body with a 
bottom and sides, and closing the second hollow body with a plug; and 

a holder positioning the second hollow body in a center of the first hollow body and 
fixing the first hollow body while holding the plug of the electric ignitor, wherein 

a ratio of an empty space to a full volume of a space partitioned by an inner surface of 
the first hollow body, an outer surface of the second hollow body, and the holder is less than 
20% by volume. 

7. (New) The gas generator for actuating a vehicle occupant restraint device 
according to claim 6, wherein the gas generants are powdery or granulated, and filled in a 
compression state. 



8. (New) The gas generator for actuating a vehicle occupant restraint device 
according to claim 6, wherein a part of the full volume is filled with a spacer inserted 
between outer surfaces of the sides of the second hollow body and inner surfaces of the sides 
of the first hollow body. 

9. (New) The gas generator for actuating a vehicle occupant restraint device 
according to claim 7, wherein a part of the full volume is filled with a spacer inserted 
between outer surfaces of the sides of the second hollow body and inner surfaces of the sides 
of the first hollow body. 

10. (New) The gas generator for actuating a vehicle occupant restraint device 
according to claim 6, wherein the gas generants are compressed in advance and filled in the 
first hollow body so that a concavity in which the second hollow body is inserted is formed. 

11. (New) The gas generator for actuating a vehicle occupant restraint device 
according to claim 7, wherein the gas generants are compressed in advance and filled in the 
first hollow body so that a concavity in which the second hollow body is inserted is formed. 

12. (New) The gas generator for actuating a vehicle occupant restraint device 
according to claim 6, wherein the gas generants, being incompressible or hard to compress, 
are filled densely and a part of the full volume is filled with a spacer inserted between outer 
surfaces of the sides of the second hollow body and inner surface of the sides of the first 
hollow body. 



IN THE ABSTRACT OF THE DISCLOSURE 
Please cancel the original Abstract on page 24 in its entirety and insert therefor: 



ABSTRACT 



A gas generator for actuating a vehicle occupant restraint device, including a first 



hollow body with a bottom and sides, gas generants filled densely in the first hollow body, an 



electric ignitor formed by housing igniting agents in a second hollow body with a bottom and 



sides, and closing the second hollow body with a plug, and a holder positioning the second 



hollow body in a center of the first hollow body and fixing the first hollow body while 



holding the plug of the electric ignitor. Particularly, a ratio of an empty space to a full 



volume of a space partitioned by an inner surface of the first hollow body, an outer surface of 



C| the second hollow body, and the holder is less than 20% by volume. 
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REMARKS 

Favorable consideration of this application, as presently amended, is respectfully 
requested. 

The present Preliminary Amendment is submitted to place the above-identified 
application in more proper format under United States practice. 

By the present Preliminary Amendment the Summary of the Invention section is 
amended to no longer recite any reference numerals. The specification is also amended to 
correct a minor informality in Equation (2) on page 5 and to clarify at page 12, line 7, that the 
spacer 7 is not required to be in cylindrical shape but that the cylindrical shape is "an 
example" of the shape of the spacer 7. 

Original Claims 1-5 are canceled and new Claims 6-12 are presented for examination. 
New Claims 6-12 are deemed to be self-evident from the original disclosure, and thus are not 
deemed to raise any issues of new matter. New Claims 6-12 are not believed to be more 
narrow in scope than original Claims 1-5 in any aspect. 

A new Abstract believed to be in more proper format under United States practice is 
also submitted herein. 



The present application is believed to be in condition for a full and thorough 
examination on the merits. An early and favorable consideration of the present application 
hereby respectfully requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 
Surinder Sachar 
Registration No. 34,423 
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Marked -Up Copy 

Serial No: 



Amendment Filed on: 



IN THE SPECIFICATION 
Page 1, in the section title at line 1, please replace as follows: 

[DESCRIPTIN] TITLE 
Page 4, please replace the section title at line 4 as follows: 

[DISCLOSURE] SUMMARY OF THE INVENTION 
Page 4, please replace the paragraph at lines 5-9 as follows: 
As a result of eager investigation of the present inventors to solve the above- 
mentioned problem, the present inventors have found that it is important to regulate a ratio of 
an empty space to an inner volume of the first hollow body [2] to achieve the present 
invention. 

Page 4, please replace the paragraph at lines 10-19 as follows: 
The present invention relates to a gas generator for actuating a vehicle occupant 
restraint device comprising a first hollow body [2] with a bottom and sides, gas generants [6] 
densely filled in the first hollow-body [2], an electric ignitor [4] formed by housing igniting 
agents [4b] in a second hollow body [4a] with a bottom and sides then closing the second 
hollow body [4a] with a plug [4c], and a holder [1] positioning the second hollow body [4a] 
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in the center of the first hollow body [2] while fixing the first hollow body [2] and holding 
the plug [4c] of the electric ignitor [4]. 

Page 4, please replace the paragraph beginning at line 20 to page 5, line 5, as follows: 
In a first gas generator of the present invention, a ratio of an empty space to a volume 
of a space partitioned by an inner surface of the first hollow body [2], an outer surface of the 
second hollow body [4a] and the holder [1] (hereinafter it is described as full volume) is less 
than 20 % by volume. The empty space and the ratio of the empty space by volume are 
calculated by using 

empty space = full volume - filling volume •••(!) 
ratio of an empty space by volume 
= (empty space volume / full volume) X 1 00 • • »(2) 

Page 5, please replace the paragraph at lines 1 1-17 as follows: 
According to the first gas generator of the present invention, because the ratio of the 
empty space to the full volume of the first hollow body [2] is less than 20 %, the first hollow 
body [2] is substantially full of the gas generants. Therefore, ignition energy of the electric 
ignitor [4] is transmitted efficiently and the time for raising for inner pressure of the first 
hollow body is shortened. 

Page 5, please replace the paragraph beginning at line 18 to page 6, line 2, as follows: 
Accordingly, in the case an electrical ignitor with small ignition power is used, there 
is no possibility that an ignition delay occurs. In addition, because the first hollow body [2] 
is substantially full of the gas generants, the gas generants are prevented from being 
powdered by vibration of vehicles. To ensure tog above-mentioned action, it is preferable 
that the ratio of empty space is less than 15 %, further preferably, less than 10%. 
Page 6, please replace the paragraph at lines 5-1 1 as follows: 



A second gas generator of the present invention is characterized in that the gas 
generants [6] are powdery or granulated and filled in a compressed state, in addition to the 
above-mentioned characteristics of the first gas generator. As examples of compressible gas 
generants, there are powdery or granulated non-azide gas generants, propellant gas generants 
and the like. 

Page 7, please replace the paragraph at lines 8-13 as follows: 

A third gas generator of the present invention is characterized in that a part of the full 
volume is filled with a spacer [7] inserted between outer surfaces of the sides of the second 
hollow body [4a] and inner surfaces of the sides of the first hollow body [2], in addition to 
the above-mentioned characteristics of the first or the second gas generator. 

Page 7, please replace the paragraph at lines 14-23 as follows: 

According to the third gas generator of the present invention, an empty space between 
the outer surfaces of the sides of the second hollow body [4a] and the inner surfaces of the 
sides of the first hollow body [2] can be filled with the spacer [7]. Therefore, even if a form 
of the gas generator cannot be modified for reason of a design of a vehicle occupant restraint 
device, it is possible to lower the ratio of the empty space. As a result, the first hollow body 
[2] is substantially full of the gas generants [6], thereby an excellent ignitability is obtained. 

Page 8, please replace the paragraph beginning at line 21 to page 9, line 3, as follows: 

A [forth] fburth gas generator of the present invention is characterized in that the gas 
generants [6] are compressed in advance and filled in the first hollow body [2] so that a 
concavity, in which the second hollow body [4a] is inserted, is formed, in addition to the 
above-mentioned characteristics of the first or the second gas generator. 

Page 9, please replace the paragraph at lines 4-15 as follows: 
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According to the [forth] fourth gas generator of the present invention, the gas 
generants are compressed in the first hollow body [2] in advance so that the concavity, in 
which the second hollow body [4] is inserted, is formed. Therefore, when the second hollow 
body [4a] is inserted into the first hollow body [2], the second hollow body [4a] is 
surrounded by the gas generants. The ignition energy of the electric ignitor is transmitted to 
the gas generants surrounding the second hollow body [4a] without waste. Therefore, there 
is no possibility that an ignition delay occurs. For compressing the gas generants [6] into a 
concave shape in the first hollow body [2], convex compressing tools may be used. 
Page 9, please replace the paragraph at lines 16-22 as follows: 
A fifth generator of the present invention is characterized in that gas generants [6] 
incompressible or hard to compress are filled densely and a part of the full volume is filled 
with the spacer [7] inserted between the outer surfaces of the sides of the second hollow body 
[4a] and the inner surfaces of the sides of the first hollow body [2], in addition to the above- 
mentioned characteristics of the first gas generator. 

Page 12, please replace the paragraph at lines 7-15 as follows: 
The spacer 7 is, for example,, in a cylindrical shape, where a diameter of the inner 
circumference thereof is substantially the same with the one of the outer circumference of the 
second hollow body 4a and a diameter of the outer circumference thereof is substantially the 
same with the axle of the inner circumferences of the first hollow body 2. The spacer 7 is 
inserted between the outer surfaces of the sides of the second hollow body 4a and the inner 
surfaces of the sides of the first hollow body 2. 

IN THE CLAIMS 

-Claims 6-12 (New).~ 
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DESCRIPTIN 

GAS GENERATOR FOR ACTUATING VEHICLE OCCUPANT RESTRAINT DEVICE 



TECHNICAL FIELD 

The present invention relates to a gas generator for 
actuating vehicle occupant restraint device such as 
N : pretensioner belts. 



BACKGROUND ART 

A pretensioner belt is a vehicle occupant restraint 
device for detecting collision and subsequently fastening a 
seat belt. For fastening seat belts, there has been normally 
p employed a mechanism of fastening seat belts by gas pressure 

of a gas generator. 

Such gas generator includes a first hollow body with a 
bottom and sides, gas generants filled in the first hollow body, 
an electric ignitor, and a holder. The electric ignitor is 
formed with a second hollow body with a bottom and sides, 
igniting agents housed in the second hollow body, and a plug 
closing an opening portion of the second hollow body. The 
holder positions the second hollow body in the center of the 
first hollow body, holding the plug of the electrical ignitor. 
The holder fixes the second hollow body in the first hollow 
body, closing the opening portion of the first hollow body. 
A first hollow body filled with gas generants and a holder 
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in which an electrical igniter is fixed in advance and a second 
hollow body of the electrical igniter is projected, are 
prepared for this kind of gas generator. The holder is put 
on the first hollow body to close the opening portion thereof 
and fixed by a proper fixing means. It is difficult to put 
the holder into the first hollow body without leaving an 
jp, excessive empty space at this time since the gas generants are 

Iks;' 

j| hard solid. 

as 

#jv Therefore, when the electric ignitor is actuated and the 

pj gas generants are ignited/ increase in inner pressure by 

|p ignition in the first hollow body is slowed because of the 

fU . 

fy, excessive epnpty space in the first hollow body- As a result, 

fQ 

£!i a rupture of a rupture member of the first hollow body is delayed 

and there is an adverse possibility that desired performance 
cannot be obtained, 

Generally, a permissible ignition delay period (the 
period of time between a start of current flow to the electric 
ignitor and a start of discharging gas from the gas generator) 
is within 2 ms for the seat belt pretensioners of automobiles* 
When the ignition delay period is more than 2 ms, an occupant 
restraint performance cannot be shown sufficiently. 

When excessive empty space exists, a size of a gas 
generator is extended by the empty space. Further, because 
the gas generants are not fixed, powdering thereof by vibration 
of a vehicle is also concerned. When such a powdering 
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phenomenon occurs/ a combustion velocity of the gas generants 
becomes extremely fast, and then the gas generator may possibly 
be damaged. 

Hence, Japanese Patent Application Laid-open No. Hei 
8-207 694 has disclosed a cup-shaped filling cylinder for 
filling gas generants without leaving an empty space. The 
M« second hollow body of the electric ignitor projects inwardly 

63 from the bottom of the cup-shaped filling cylinder. The 

$J cup- shaped filling cylinder opens upwardly from the second 

hollow body of the electric ignitor. 

First , in the gas generators having the above-mentioned 
cup-shaped filling cylinder, the gas generants are filled in 
the cup-shaped filling cylinder thereof without leaving an 
empty space. Then, the first hollow body is put on the 
cup-shaped filling cylinder to cover the opening portion of 
the cup-shaped filling cylinder. When the gas generants are 
filled in the first hollow body in this way, it is possible 
to fix the second hollow body of the electric ignitor in the 
first hollow body without forming an excessive empty space 
therein* 

However, a filling cylinder needs to be newly provided 
in this case. As a result, in addition to increase of a component 
count, simplification of the manufacturing process cannot be 
eKpected. 

It is an object of the present invention to provide a 
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gas generator for actuating vehicle occupant restraint device 
with a small component count, excellent in ignitability, and 
capable of being miniaturized* 



DISCLOSURE OF THE INVENTION 

As a result of eager investigation of the present 

U 

q inventors to solve the above-mentioned problem, the present 

Is 5^ 

J;: inventors have found that it is important to regulate a ratio 

iC 

ffj of an empty space to an inner volume of the first hollow body 

Pi 

RJ ■ 2 to achieve the present invention* 

15 The present invention relates to a gas generator for 

!U actuating vehicle occupant restraint device comprising a first 

ftl. 

w hollow body 2 with a bottom and sides, gas generants 6 densely 

n i 

filled in the first hoi low "body 2, electric ignitor 4 formed 
by housing igniting agents 4b in a second hollow body 4a with 
a bottom and sides then closing the second hollow body 4a with 
a plug 4c, and a holder 1 positioning the second hollow body 
4a in the center of the first hollow body 2 while fixing the 
first hollow body 2 and holding the plug 4c of the electric 
ignitor 4 . 

In a first gas generator of the present invention, a ratio 
of an empty space to a volume of a space partitioned by an inner 
surface of the first hollow body 2, an outer surface of the 
second hollow body 4a and the holder 1 (hereinafter it is 
described as full volume) is less than 20 % by volume* The 
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empty space and the ratio of the empty space by volume are 
calculated by using 

empty space » full volume ~ filling volume ■■■(!) 
ratio of an empty space by volume 

= empty space volume / full volume X 100 ■ ■ ■ (2) 

Fundamentally, a space that exists among the particles 



I*, of filled gas generant compositions is not regarded as a gap, 

Rj And the filling volume means a necessary volume for gas 



Eg. generants filled in a dense state to substantially exist in 

R 

fa the full volume. 

n\ 

|3 According to the first gas generator of the present 



invention/ because the ratio of the empty space td'the full 
volume of the first hollow body 2 is less than 2 0 %, the first 
hollow body 2 is substantially full of the gas generants . 
Therefore, ignition energy of the electric ignitor 4 is 
transmitted efficiently and the time for raising for inner 
pressure of the first hollow body is shortened. 

Accordingly, in the case an electrical ignitor with small 
ignition power is used, there is no possibility that an ignition 
delay occurs. In addition, because the first hollow body 2 
is substantially full of the gas generants, the gas generants 
are prevented from being powdered by vibration of vehicles. 
To ensure above-mentioned action, it is preferable that the 
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ratio of empty space is less than 15 %, further preferably/ 
less than 10 

The conventional cup-shaped filling cylinder is not 
necessary, thereby providing reduction of component count. 

A second gas generator of the present invention is 
characterized in that the gas generants 6 are powdery or 
granulated and filled in a compressed state, in addition to 
the above-mentioned characteristics of the first gas generator. 
m As examples of compressible gas generants, there are powdery 

Jg or granulated non-azide gas generants, propellant gas 

6 generants and the like. 

fcf. 

pJ According to the second gas generator of the present 

jy 

GT invention, the gas generants are powdery or granulated. 



o 



Therefore, the gas generants can be filled without leaving 
space and a ratio of the empty space can be easily predetermined, 
Because the gas generants are filled in a compressed state, 
the filling density is heightened and the gas generator is 
miniaturized. Combustion velocity can be adjusted by 
adjusting a filling weight and a compression height (i.e*a 
height of a surface formed with the filled agents) . It is 
preferable that the average particle size of material of the 
powdery or granulated gas generants is adjusted so as to fall 
into the range of 10-300/im including 10//m and 300#m. it is 
preferable that the compression degree of the gas generants 
falls into the- range of 30-100% including 30% and 100% in case 
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that the compression degree of the gas generants is regarded 
as 100% when the gas generants are compressed with the density 
equal to the true density. 

The powdery or granulated gas generants , adjusted to be 
in the predetermined range mentioned above, can be hardened' 
into a predetermined form by compression at a predetermind 
^ pressure . 

p- A third gas generator of the present invention is 

4f,' characterized in that a part of the full volume is filled with 

fi 

!U a spacer 7 inserted between outer surfaces of the sides of the 

w 

».-. second hollow body 4a and inner surfaces of the sides of the 

w 

FU. first hollow body 2, in addition to the above-mentioned 

W. characteristics of the first or the second gas generator. 

m 

PJ According to "the third gas generator of the present 

invention, an empty space between the outer surfaces of the 
sides of the second hollow body 4a and the inner surfaces of 
the sides of the first hollow body 2 can be filled with the 
spacer 7. Therefore, even if a form of the gas generator cannot 
be modified for reason of a design of a vehicle occupant 
restraint device, it is possible to lower the ratio of the empty 
space. As a res-alt, the first hollow body 2 is substantially 
full of the gas generants 6, thereby an excellent ignitability 
is obtained* 

An empty space in this gas generator is calculated by 

using 
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empty space 

- full volume - ( filling volume + volume of a spacer) 

■ " ■ <1») 

Further, when the length of the spacer is adjusted 
according to the lengths of the first hollow body and the second 
hollow body, 1 it is possible to adjust the full length of the 
gas generator without eliminating an excellent ignitability. 

Particularly, a configuration where the spacer is 
located around the electric ignitor, is desirable. The 
electric ignitor may be formed so as to include the spacer 
depending on circumstances. Thereby, ignition energy is 
concentrated on the gas generants, and the ignitability is 
maintained. The spacer remains fixing on the electric 
ignitor after the gas generator is actuated. 

Rigid material is desirable for the spacer. For example, 
the spacer is made of aluminum, plastic, glass fiber, and the 
like and formed into a doughnut shape, a mesh shape, and the 
like. When the spacer is made of a gas generant composition 
with the same form as mentioned above, it is possible to 
increase the output of the gas generator. 

A forth gas generator of the present invention is 
characterized in that the gas generants 6 are compressed in 
advance and filled in the first hollow body 2 so that a concavity, 
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in which the second hollow body 4a is Inserted, is formed, in 
addition to the above-mentioned characteristics of the first 
or the second gas generator. 

According to the forth gas generator of the present 
invention, the gas generants are compressed in the first hollow 
body 2 in advance so that the concavity, in which the second 
hollow body 4 is inserted, is formed. Therefore, when the second 
hollow body 4a is inserted into the first hollow body 2, the 
second hollow body 4a is surrounded by the gas generants. The 
Jjy ignition energy of the electric ignitor is transmitted to the 

gas generants surrounding the second hollow body 4a without 
waste* Therefore, there is no possibility that an ignition 
delay occurs. For compressing the gas generants 6 into a 
concave shape in the first "hollow body 2, convex compressing 
tools may be used, 

A fifth generator of the present invention is 
characterized in that gas generants 6 incompressible or hard 
to compress are filled densely and a part of the full volume 
is filled with the spacer 7 inserted between the outer surfaces 
of the sides of the second hollow body 4a and the inner surfaces 
of the sides of the first hollow body 2, in addition to the 
above-mentioned characteristics of the first gas generator. 

In the gas generator of the present invention described 
above, the excessive empty space in the first hollow body can 
be reduced, thereby improving the problem for an ignition delay 

9 
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of the gas generator. Further, the gas generants are prevented 
from being powdered by vibration of vehicles ♦ Thus, the gas 
generator of the present invention is excellent in 
ignitability and reduced in size though it is manufactured in 
a manufacturing process almost the same with the conventional 
one. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG- 1 is a sectional view of the embodiment 1 of the 
present invention; FIG, 2 is a sectional view of the embodiment 
2 of the present invention/ FIG. 3 is Table 1 showing the 
relationship of the ratio of the empty space by volume and 

|| ignition delay period of the gas generator. 

ry 

BEST MODE FOR CARRYING OUT THE INVENTION 

The embodiments of the present invention will be 
described below with reference to the drawings, 

FIG. 1 is a sectional view of the eiabodiment 1 of the 
present invention. FIG, 2 is a sectional view of the embodiment 
2 of the present invention. 

In FIG. 1 a gas generator 11 includes a first hollow body 
2 with a bottom and sides / gas generants 6 filled in the first 
hollow body 2, an electric ignitor 4, a holder 1, and a spacer 
7. 

A bottom of the first hollow body 2 is provided with a 

10 
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rupture portion 2a thin in wall thickness. The first hollow 
body 2 is press-formed so as to have two sections consisting 
of a small diametral portion on a bottom side and a large 
diametral port ion which is a main portion* An end of the main 
portion is bent to be a flange 2b- 

The electric ignitor 4 has a second hollow body 4a with 
r h - a bottom and sides, igniting agents 4b housed in the second 

Q hollow body 4a, a plug 4c to close an opening portion of the 

jp 

fr second hollow body 4a, and two pins 4d standing on the plug 

lH 4c, The two pins 4d are connected to a bridge wire (not shown) 

fU 

" being in contact with the igniting agents 4b. 

w • 

jV The holder 1 fixes the first hollow body 2 positioning 

2? the second hollow body 4a in the center of the first hollow 

w 

|y body 2, Further, the holder 1 supports the plug 4c by a caulking 

portion lb with an O-like ring 5 around an outer circumference 
of the plug 4c* The O-like ring 5 is employed for use in seal* 
The holder 1 projects a part of the second hollow body 4a of 
the electric ignitor 4 into the first hollow body 2, and allows 
parts of the pins 4d to be connected to a connector (not shown) - 
An insulation ring 3 is fitted to a hole la in back of 
the holder 1 to ensure insulation. The caulking portion lb 
for supporting the plug 4c is inserted in the opening portion 
of the first hollow body 2. By the caulking portion lc of the 
holder 1 on the flange 2b of the first hollow body 2, the first 
hollow body 2 is fixed on the holder 1 in a seal condition* 

11 
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As means for fixing the first hollow body 2 on the holder 
1, adhesive/ crimping, casting and the like may be employed. 

A space partitioned by an inner surface of the first 
hollow body 2, an outer surface of the second hollow body 4a 
and the holder 1 is capable of housing gas generants. The gas 
generants 6 and the spacer 7 are located in this space. 

The spacer 7 is in a cylindrical shape, where a diameter 
of the inner circumference thereof is substantially the same 
with the one of the outer circumference of the second hollow 
body 4a and a diameter of the outer circumference thereof is 



s substantially the same with the one of the inner circumferences 



of the first hollow body 2. The spacer 7 is inserted between 
the outer surfaces of the sides of the second hollow body 4a 
and the inner surfaces of the sides of the first hollow body 
2, 

A length of the cylindrical spacer 7 is determined so 
that the later-described ratio of the empty space by volume 
is less than 20 %, in consideration of the later-described 
filling volume of the gas generants. 

In the case that the gas generants 6 are incompressible 
or hard to compress e.g. smokeless powder or press^formed non 
azide gas generants, the gas generants are densely filled in 
the first hollow body 2 on the bottom side thereof. In the 
case that the gas generants 6 are compressible and powdery or 
granulated, the gas generants are densely filled in the first 
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hollow body 2 on the bottom side thereof in condition hardened 
by a compression . h in the drawing refers to a distance between 
the bottom of the first hollow body 2 and the filling surface 
(i*e. the surface formed with filled agents) , 

It is possible to increase a weight of the gas generants 
S by shortening the length of the spacer 7. Further, when the 
spacer 7 is made of a gas generant composition, a space for 
housing the gas generants of the first hollow body 2 is not 
wasted and the amount of generated gas can be increased. 

The volume of a space, which is partitioned by an inner 
surface of the first hollow body 2, an outer surface of the 
second hollow body 4a and the holder 1 and capable of housing 
the gas generants, is written with a word of a full volume. 

According to the present invention, "a volume and a form 
of the spacer 7 and a filling volume of gas generants are 
determined so that the ratio of an empty space, which is not 
filled with the spacer 7 and the gas generants, to the full 
volume is less than 20 % by volume, preferably less than 10 %. 

Fundamentally, a space that exists among the particles 
of filled gas generant compositions is not regarded as a gap. 
And the filling volume means a necessary volume for gas 
generants filled in a dense state to substantially exist in 
the full volume. 

Specifically, the filling volume of the gas generants 
filled in the first hollow body 2 on the bottom side thereof, 
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to fit a space for housing the gas generants of the gas generator. 
Therefore, it is preferable to use the spacer not to form an 
excessive empty space. 

The above-mentioned gas generator is manufactured by the 
following steps. In the case that the gas ganerants are 
incompressible or hard to compress e.g. smokeless powder or 
press-formed non azide gas generants, the gas generants are 
densely filled in the first hollow body 2 on the bottom side 
thereof* In the case that the gas generants 6 are compressible 
and powdery or granulated, the gas generants are densely filled 



in the first hollow body 2 on the bottom side thereof in the 

5s5 '-"' 

pj state hardened by compression. 

FU 

p The electric ignitor 4 is supported by the holder 1 and 

fU- — _ 

the spacer 7 is fitted around the outer circumference of the 

second hollow body 4a of the electric ignitor 4. Then, the 

holder 1 is fitted to the first hollow body 2 and fixed by the 

caulking portion lc. Thus, the gas generator of which inner 

space is regulated/ is manufactured in a process almost the 

same with the conventional one. 

FIG* 2 shows a gas generator without a spacer, in which 

the gas generants 6 are compressed to be concave to fit the 

second hollow body 4a. The gas generants 6 ; which are powdery 

or granulated and compressible, are suitable* The portions 

functioning the same way with those of FIG+ 1 are referred to 

by the same reference numerals and the description is omitted. 
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shown in FIG* 1, is calculated in consideration of a distance 
h between the bottom of the first hallow body 2 and the filling 
surface (i.e. a surface formed with the filled agents), an inner 
diameter of the first hollow body 2, and an outer diameter of 
the second hollow body 4a, 

A volume of the empty space and the ratio thereof are 
calculated by using 

volume of an empty space 

= full volume - (filling volume + volume of a spacer) 

- - • d 1 ) 

ratio of an empty space by volume 

- empty space volume / full volume X 100 

< ■ ■ (2) 

In the gas generator where the gas generants 6 and the 
spacer 7 are located, it is possible that the ratio of the empty 
space to the full volume is less than 20 %, further, less than 
10 %♦ The full volume is a volume of the space partitioned by 
the inner surface of the first hollow body 2, the outer surface 
of the second hollow body 4a and the holder 1. 

Particularly/ in the case that the gas generants are 
incompressible or hard to compress e.g. smokeless powder or 
press-formed non azide gas generants, the gas generants cannot 
be hardened into a predetermined shape by a compression so as 



14 



x Received at: 9:18AM, 2/14/2002 



The gas generants 6, which are compressible and powdery 
or granulated, are densely filled in the first hollow body 2 
on the bottom side thereof in the state hardened by a 
compression to have a concavity 6a to which the second hollow 
body 4a of the electric ignitor 4 is just fitted* H in the 
drawing refers to a distance between the bottom of the first 

Hk hollow body 2 and the filling surface (i,e. a surface formed 

S3 

C5 with the filled agents) . 

m In the embodiments of the present invention, a filling 

sn 

P4 volume of the gas generants 6 are determined so that the ratio 

PJ 

* m of an empty space, which is not filled with the gas generants 

W 6, to the full volume is less than 20 % by volume, preferably 

W 

IV less than 10 %. 

f V In the case that the gas generants 6 are compressed in 

the first hollow body 2 in advance to be concave to fit the 
second hollow body 4a as described above, the second hollow 
body 4a is surrounded by the gas generants only by inserting 
the second hollow body 4a in the first hollow body 2 and fixing 
by the caulking portion lc of the holder 1. Therefore, the 
inner empty space of the gas generator is reduced compared to 
the conventional one. 

In a case that compression degree of the gas generants 
in the above-mentioned gas generator of the present invention 
compressed until being equal to the true density thereof is 
regarded as 100 %, compression degree preferably falls in a 
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range of 30-100 % including 30% and 100 % so that the gas 
generants can be compressed into a predetermined form. 
Concretely, the compression degree is calculated by using 

compression degree [ft] 

- (weight of gas generants per 1 cm 3 of a filling volume 
t true density of gas generants} X 100 

... {4) 

In the following, the examples of the present invention 
will be described in detail* All members included in the gas 
generators employed in the following examples and comparative 
examples, such as electric ignitors, G-like rings or holders, 
are of the same standard or type* 
(Example l] 

In the gas generator shown in FIG, 2, the gas generants 
containing 33.8 % by weight of 5-aminotetrazole, 30.5 % by 
weight of ammonium perchlorate, 31,0 S by weight of strontium 
nitrate, and 4.7 % by weight of synthetic hydrotalcite were 
employed. The true density was 2,18 g/cm 3 . The gas generants 

were powdery, of which particle mean diameter is 50 /im , and 
compressible, 

A gas generants of 1.9 g were weighed and filled in the 
first hollow body. Then, the gas generants were compressed 
for forming a concavity until the filling volume. was 2,11 cm 3 . 
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The full volume of the gas generator is 2.3 cm 3 . The empty 
space calculated by the equation is 0.19 and the ratio is 8.3 % 
by volume. The weight of the gas generants per 1 cm 3 of the 
filling volume is 0.9 g and the compression degree is 41.3 %. 

FIG. 3 shows the ratio of the empty space by volume and 
ignition delay period of the gas generator obtained in this 
way as Table 1. 
[Example 2] 

In the gas generator shown in FIG. 2, the same gas 
generants as those used in the Example 1 were employed. The 
true density was 2.18 g/cm 3 . The gas generants were powdery, 

of which particle mean diameter is 50 #m, and compressible. 

The gas generants of 1.7 g were weighed and filled in 
the" - first hollow body* Then, the gas generants were compressed 
for forming a concavity until the filling volume was 1.89 cm 3 * 
The full volume of the gas generator is 2,3 cm 3 . The empty 
space calculated by the equation is 0.19 cm 3 'and the ratio is 
17.8 % by volume. The weight of the gas generants per 1 cm 3 
of the filling volume is 0.9 g and the compression degree is 
41.3 %. 

FIG- 3 shows the ratio of the empty space by volume and 
ignition delay period of the gas generator obtained in this 
way as Table 1. 
(Example 3) 

In the gas generator shown in FIG, 1, the spacer of 0.4 
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cm 3 volume was fixed around the second hollow body of the 
electric igniter. 

The same gas generants as those used in the Example 1 
were employed. The true density was 2.18 g/ cm 3 . The gas 
generants were powdery, of which particle mean diameter is SO 
#m, and compressible. The gas generants of 1 . 5 g were weighed 
and filled in the first hollow body. Then, the gas generants 
§. . were compressed until the filling volume was 1.67 cm 3 . The 

|j| full volume of the gas generator is 2.3 cm 3 . The empty space 

rj j 

Pj calculated by the equation is 0.23 cm 3 and the ratio is 10.0 % 

q bv volume. The weight of the gas generants per 1 cm 3 of the 

jy filling volume is 0.9 g and the compression degree is 41.3 %, 

jfV FIG. 3 shows the ratio of the empty space by volume and 

jfij- 

ignition delay period of tne gas generator obtained in this 
way as Table 1 . 
[Example 4} 

In the gas generator shown in PIG. 1, the spacer of 0.4 
cm 3 volume was fixed around the second hollow body of the 
electric ignitor. 

The gas generants containing 98.0 % by weight of 
nitrocellulose, 1.0 % by weight of diphenylamine, and 1.0 % 
by weight of potassium sulfate were employed. The gas 
generants were incompressible , of which particle is 
press-formed into a cylindrical shape having 0 . 7 mm of an outer 
diameter, 0.2 mm of an inner diameter, and 1 . 3 mm of a height. 
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The gas generants of 1.3 g were weighed and filled in 
the first hollow body. Then the gas generants were filled 
densely without compression until the filling volume was 1.73 
cm 3 . The full volume of the gas generator is 2 .3 cm 3 . The empty 
space calculated by the equation is 0.17 and the ratio is 7,4 % 
by volume. The weight of the gas generants per l cm 3 of the 
filling volume is 0.75 g, 

FIG. 3 shows the ratio of the empty space by volume and 
ignition delay period of the gas generator obtained in this 
way as Table 1. 

Ccomparative Example l] 

The gas generator in the Comparative Example 1 is 
equivalent to the gas generator shown in FIG. 1 except the 
spacer, and" an example of the gas generator where* the ratio 
of the empty space by volume is no less than 20 %. 

The same gas generants as those used in the Example 1 
were employed. The true density was 2.18 g/ cm 3 . The g as 
generants were powdery, of which particle mean diameter is 
SO #m, and compressible. 

The gas generants of 1.5 g were weighed and filled in 
the first hollow body. Then, the gas generants were compressed 
until the filling volume was 1.67 cm 3 . The full volume of the 
gas generator is 2.3 cm 3 . The empty space calculated by the 
equation is 0.63 cm 3 and the ratio is 27.4 % by volume. The 
weight of the gas generants per 1 cm 3 of the filling volume 
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is 0,9 g and the compression degree is 41.3 %. 

FIG. 3 shows the ratio of the empty space by volume and 
ignition delay period of the gas generator obtained in this 
way as Table 1 . 

Generally, a permissible ignition delay period is in 
seat belt pretensioners for automobiles is within 2 ms. When 
a delay more than 2 ms occurs, an occupant restraint performance 
cannot be shown sufficiently. 

According to Table 1, ignition delay period in Example 
1, 2, 3, 4 are short being less than 2 ms. The ignition delay 
period in Comparative Example 1 is substantially longer than 
2 ms compared to those in Examples. Accordingly, it is shown 
that the ratio of the excessive space i,e, the empty space in 
the first hollow body causes a considerable ignition delay of 
the gas generator, 

INDUSTRIAL APPLICABILITY 

The gas generator of the present invention is most 
suitable for actuating vehicle occupant restraint device, 
particularly, for a gas generator with a small component count, 
excellent in ignitability, and capable of being miniaturized. 
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Claims 

1 . A gas generator for actuating vehicle occupant restraint 
device comprising, a first hollow body 2 with a bottom and sides, 
gas generants 6 filled densely in the first hollow body 2, an 
electric ignitor 4 formed by housing igniting agents 4b in a 
second hollow body 4a with a bottom and sides, and closing the 
second hollow body 4a with a plug 4c, and a holder 1 positioning 
the second hollow body 4a in a center of the first hollow body 
2 and fixing the first hollow body 2 while holding the plug 
4c of the electric ignitor 4, wherein 

a ratio of an empty space to a full volume of a space 
partitioned by an inner surface of the first hollow body 2, 
an outer surface at the second hollow body 4a and the hof&er 
1 is less than 20 % by volume. 

2. The gas generator for actuating vehicle occupant 
restraint device according to claim 1, wherein the gas 
generants 6 are powdery or granulated, and filled in a 
compression state. 

3. The gas generator for actuating vehicle occupant 
restraint device according to one of claims 1 or 2, wherein 
a part of the full volume is filled with a spacer 7 inserted 
between outer surfaces of the sides of the second hollow body 
4a and inner surfaces of the sides of the first hollow body 
2* 
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4* The gas generator for actuating vehicle occupant 
restraint device according to claim 1 or 2, wherein the gas 
generants 6 are compressed in advance and filled in the first 
hollow body 2 so that a concavity in which the second hollow 
body 4a is inserted is formed . 

5. The gas generator for actuating vehicle occupant 
restraint device according to claim 1, wherein the gas 
generants 6, being incompressible or hard to compress, are 
filled densely and a part of the full volume is filled with 
a spacer 7 inserted between outer surfaces of the sides of the 
second hollow body 4a and inner surface of the sides of the 
first hollow body 2. 
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Abstract 

The present invention relates to a gas generator for 
actuating vehicle occupant restraint device r comprising a 
first hollow body 2 with a bottom and sides, gas generants 6 
filled densely in the first hollow body 2, an electric ignitor 
4 formed by housing igniting agents 4b in a second hollow body 
G; 4a with a bottom and sides, and closing the second hollow body 

iJ;- 4a with a plug 4c, and a holder 1 positioning the second hollow 

body 4a in a center of the first hollow body 2 and fixing the 
first hollow body 2 while holding the plug 4c of the electric 
ignitor 4. 

Particularly a ratio of an empty space to a full volume of 
a space partitioned by azPinner surface of the first hollow 
body 2, an outer surface of the second hollow body 4a and the 
holder 1 is less than 20 % by volume ♦ 
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Declaration aid Power of Attorney For Patent Application 
Japanese language Declaration 



TBK*a*«SWI#fc UTs mtPXr<om*)mS^i: As a below named inventor. 1 hereby declare that: 

S,«f^T, Hmrf^«^^c^i~I3&£ft*«i Mjr residence, post office address and citizenship are as stated 

9 next to m name. 

6 " 

1^3(D45«iOIW(EMbTMniHt=SKSll, ^aUSL-T I believe I an the original, first and sole inventor(if only one 

^m&mz^vt^ &*^*OfliHra»y§* (T!3ffl& name is listed belabor an original, first and joint inventor (if 

3«i§^> b L < f4eftD*v-3^S^# C"Ma«XS^ plural names are 1 isted below) of the subject matter which is 

■e**fcffllJT^*f. claimed and for which a patent is sought on the invention 

entitled 

' CAS GENERATOR FOB ACTUATING VEHICLE" OCCUPANT R8STBAIOT DEVICE 



V 



!S» : 



IF 



WJIttStt, the specification of which- 

□ is attached hereto. 

□ H. BB*tB8ft* JitSa»^*fcl*l^r1Sttl* W was f i led on August 23, 1999 



as United States Application Number or 



(StStttmm . ['STIES ft* Lit, PCT International Application Number 

PCT/JP0Q/O451fi and was amended on 

(if applicable). 



mm-mm*%&±mjim.Mmm&mi^ \m I hereby state that I have reviewed and understand the 
*WB^X^&Z.t#ZZlzmRl'3.i-. contents of the above-identified specification, including the 

claims, as amended by any amendment referred to above. 

mt, mmmimmzimm 1 gSmiZSmS ftS t 350. » I acknowledge the duty to disclose information which is material 
im&m£lz^?mi*miZm^zmm&&ZtZ to patentability as defined in TitJeS7, Code of Federal 
®#>&1: Regulations, Section l. 56. 
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Japanese Language Declaration 



Plriop Foreign jta>lication<5) 
HI 0-4 3 2 7 2 


Japan 


2 5/0 2/9 8 


(Number) 
Li, {##) 


(Country) 
(®S) 


(Day/toth/Year Filed) 


£3 (Number) 


(Country) 
CBS) 


©ay/Month/Year Filed) 


dh' Custer) 

|i <fHI) 


(Country) 

<»£> 


(Day/Month/Year Filed) 


W (lit) 


(Country) 
CB*> 


(Day/Month/Year Filed) 



I hereby claim foreign priority under Title 35, United States code, 
Sectionll9(a)-Cd) or 365(b) of any foreign application^) for patent 
or inventor's certificate, or Section365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed he low and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 
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EH 


Yes 


No 




VHvt 


□ 


□ 


Yes 


No 






□ 


□ 


Yes 


No 
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□ 


Yes 


No 







W19 MmizSrJ^XTftnXmm 



1 hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional appli cation (s) 
listed below. 



(Application No. 7" 



"TFTTT 



Date) 
15) 



filing Uatej 



PCT/JP99/04515 
(Application No.) 



filing Date) 



(topi ication No. ) (Fi 1 ins Date) 



1 hereby claiin the benefit under Title35, United States Code, Section 
120 of any Mted States applicationfe), or Section365{c) of any PCT 
International appl ication designating the United States, listed below 
and, insofar as the subject natter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title35, United States Code Sectionll2, 1 acknowledge the 
the duty to disclose information which is material to patentability 
as defined in Title37,Code of Federal Regulations. Section!- 56 which 
became available between ihe filing date of the prior application 
and the national or PCT International filing date of application. 

Pending 

(Status: Patented, Pending, Abandoned) 

ess* : m&m* #js*s mmi 

~ Status; Patented, Pending, Abandoned) 

cm^m^ms mm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true;and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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Japanese Language Declaration 

mim : &i±TaB02&fffib ;$a®eg$4r^<z>;f$S£ POWER OF ATTORNEY: As a named inventor, I hereby appoinl 
^i¥^f^^lzMLX^ft^^±^itl / ±f^Abl''i:^ the following attorney (s) and/or agent (s) to prosecute this 
T!3©if£fg£it'>fcL$ - £. application and transact ail business in the Patent and Trademark 

($mt^ £ tZt±tmAv^&tf&®m?ZV%m<0 Z t ) Office connected therewith: (list name and registration number) 





Send Correspondence to: 



1 

022850 



Direct Telephone Calls to: (name and telephone rubber) 
(70 3) 413-3 000 



Full name of sole or first inventor 
Dairi KTIfiD 




U 



Inventor's signature 



A 



Date 

JUL 2 2. 2002 



R&s issues 

c/o Himeji Factory of NIPPON KAYAKU KABUSHIKI-KAISHA 
3903-39, Toyotaai, Toyotomi-cho, Hlmejl-$hi, 
Hyogo 6 79-2123 Japan 'ZTf^X 



Citizenship 



JAPAN 



Post Office Address 



same as above 



Full name of second joint inventor, if any 
Junya AMANO 



Second Inventor's signature 



Date 

JAN, 22.2002 



Res idence 

c/o HImeji Factory of NIPPON KAYAKU KABUSH i KI -KAI SHA 

3903-3& Toyotomi. Tbyotoaf-cho. ffltaeji-shi. 

foogo 6 79-2123 Japan ~3~fX 



Citizenship 



JAPAN 



Post Office Address 



as above 



(Supply similar information and signature for third and subsequent 
joint inventors.) 
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Japanese Lan^iage Declaration y-v\ 




Full naoe of third joint inventor, if any A 
Ko j i NAKAMURA J 




lmra inventor s signature Date 

MJ*^^ JM 2 2 200? 


m 


Residence 

c/o Himeji Factory of NIPPON KAYAKU KABUSHIKJ-KAISHA 
3903-39, ToYotoaL Toyotomi-cho. Hwii-shf ^ . 
Jfyogo 679-2123 Japan OTA 




Citizenship JAPAN 




Post Office Address same as above 




fall name of fourth joint Jnvefttor, if any /W) 
Kenjiro IKEDA //^ 




Fourth Inventor 4 s signature Date / 


|!i 

iu 


Residence 

c/o Hineji Factory of NIPPON KAYAKU KABUSHIKI-KM5HA, 

V0wu u3i luyutumif loytjioiDL cno> niiteji~snif — r—70\/ 

Hyosa 679-2123 Japan . OTA 


•MS 


Citizenship JAPAN 




Post Office Address $aine as above 


\* 


Full name of fifth joint inventor, if any 




Fifth Inventor* s signature Date 




Residence 


si 


Cii iiensMn 




Post Office Address 




Full naaia of sixth joint inventor* if any 




Sixth Inventor s signature Date 




Residence 




Citizenship 




Post Office Address 


itt^i^^^ Lri>mm ^ « wply f^^f. l»^~tl« and stature for savsnth and 
w*)*t^^T^(-i: 0 ) subsequent joint inventors.) 
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